The systemic and local antibody responses to homologous strains of MoraxeUla catarrhalis were investigated in 14 children with otitis media. A total of 8 children (57%) demonstrated a rise in serum antibody of the immunoglobulin G (IgG) (5 of 14), IgM (5 of 14), or IgA (6 of 14) classes of immunoglobulin to outer membrane antigens. Local antibody consisted of IgG (100%), IgM (29%v), and IgA (71%). The IgG and IgA specific antibody present in middle-ear effusions appeared to represent local production rather than passive diffusion from the systemic circulation. These data suggest that young children develop an antibody response to M. catarrhialis in the middle ear during otitis media but fail to develop systemic antibody in a uniform manner.
Moraxella catarrhalis is a normal inhabitant of the upper respiratory tract in children (14, 20, 26) . It was considered nonpathogenic for many years. However, several recent reviews delineate the broad spectrum of disease attributed to M. catarrhalis (3, 6, 28) . In particular, M. catarrhalis has the potential to cause otitis media and sinopulmonary infections (3, 6, 28) .
In an effort to establish the pathogenicity of the organism, several investigators have examined the immune response to M. catarrhalis following clinical illness. A number of different assays have been employed, thereby making comparisons between studies difficult. For example, complementfixing, bactericidal, and enzyme-linked immunosorbent assay (ELISA) tests have all been utilized to detect antibody to prototypic whole organisms, pooled whole organisms, or conserved subunits of the bacterium (4, 7, 8, 24) . In general, slightly more than half of the subjects with a documented infection due to M. catarrhalis exhibit some type of antibody response to the organism.
The present study was designed to measure the isotypic antibody response to outer membrane antigens of homologous strains of M. catarrhalis isolated from children with otitis media and no other respiratory illnesses. The results suggest that young children fail to respond to the organism in a uniform manner.
MATERIALS AND METHODS Population. Male and female children of less than 2 years of age were enrolled in a prospective study of otitis media. Informed consent was obtained at the time of entry. The design of the study has been described previously (14, 15 RESULTS Population. Fourteen children between the ages of 5 and 28 months (mean ± SD, 15.7 ± 6.6 months) were evaluated. Ten of the individuals were male, and five were female. They had experienced 1 to 10 episodes (mean ± SD, 5.6 ± 3.0 episodes) of otitis media previously. Disease was unilateral in 10 cases and bilateral in 4 cases.
Clinical and laboratory characteristics ( Table 1 ). The current episodes were considered acute (less than 3 weeks) in five, subacute (3 weeks to 3 months) in seven, and chronic (more than 3 months) in two cases. The fluids were classified as seromucinous in five, mucoid in five, purulent in three, and serous in one case. M. catarrhalis was isolated in pure culture from each child. Six of the middle-ear fluids contained less than 103 bacteria per ml, while the remaining eight fluids had 1 x 103 to 300 x 103 bacteria per ml.
Serum antibody response (Table 2) . IgG was detected in all acute and convalescent sera. In five situations (36%), the convalescent levels of antibody exceeded the acute levels. The mean ± SD antibody concentrations for acute levels (18.7 ± 17.1 ,ug/ml) and for convalescent levels (22.4 ± 25.4 pg/ml) were not significantly different. Similarly, IgM-specific antibody was detected in all acute and convalescent sera. In five situations (36%), the convalescent levels exceeded the acute levels. The mean (± SD) acute levels (4.0 ± 1.9 ,ug/ml) and convalescent levels (3.6 ± 1.7 ,ug/ml) were not significantly different. IgA-specific antibody was detected in all acute and convalescent sera; however, five acute and three convalescent samples contained less than 1 p.g of antibody per ml. In six situations (43%), the convalescent levels exceeded the acute levels. The mean (± SD) acute levels (2.3 ± 1.8 jig/ml) and convalescent levels (3.2 ± 2.5 p,g/ml) were not significantly different. Overall, eight children (57%) demonstrated a rise in one or more of the isotypic antibodies to outer membrane antigens of their own Normal human adult serum pooled from 10 individuals was tested against each outer membrane preparation (Table  3) . IgG antibody levels ranged between 45.0 and 90.0 ,ug/ml, with a mean + SD of 67.6 ± 12.9 ,ig/ml. IgM antibody levels ranged between 3.6 and 14.4 ,ug/ml, with a mean + SD of 6.3 + 2.6 ,ug/ml. IgA antibody levels ranged between 3.6 and 14.4 p,g/ml, with a mean ± SD of 6.8 ± 3.2 ,ug/ml. Thus, mean adult levels of M. catarrhalis-specific IgG, IgM, and IgA antibodies exceeded the mean convalescent childhood levels by 2.9-, 1.8-, and 2.2-fold, respectively. (Table 4) . IgA antibody levels equalled or exceeded IgG antibody concentrations in 7 of 14 fluids (50%), while IgM-specific antibody concentrations remained less than 0.1 p,g/ml in 10 of 14 fluids (Table 4) . Overall, the antibody concentrations in MEEs, when expressed as micrograms of antibody per milligram of albumin, were higher in the middle ear than in serum (for IgG, 2.3 ± 2.6 versus 0.5 ± 0.5 ,ug/mg of albumin [P < 0.025]; for IgA, 1.3 ± 1.9 versus 0.1 ± 0.1 jig/mg of albumin [P < 0.025]). IgM levels were too low to interpret (Table 5 ). These data suggested that IgG and IgA antibody observed in MEEs was produced, in part, locally. Further evidence to support this interpretation came from the comparison of IgA/IgG antibody ratios in MEEs and serum. The ratio of IgA to IgG specific antibody was significantly greater in the MEE (1.5 ± 2.1) than in serum (0.2 ± 0.3; P < 0.05), suggesting that the antibody in MEE was produced locally (Table 6 ).
DISCUSSION
Relatively little is known about M. catarrhalis because it had been viewed as a nonpathogen for many years. In 1967, Coffey et al. (9) suggested that Neissenia catarrhalis, as it had been named previously, might be pathogenic in the middle ear. Subsequent studies have documented the importance of this organism in otitis media (5, 19, 23, 29, 34, 36) .
Investigation into the pathogenesis of otitis media due to M. catarrhalis suggests that nasopharyngeal colonization precedes the development of disease (15) . Upper-respiratory-tract infection is associated often with an increased carriage rate of potential middle-ear pathogens, including M. catarrhalis (14) . Otitis media due to M. catarrhalis is similar in most respects to disease produced by other middle-ear pathogens. However, studies from our laboratory suggest that the severity of symptoms and numbers of bacteria present in middle-ear fluid are less for M. catarrhalis than for Streptococcus pneumoniae and nontypeable Haemophilus influenzae (13) . An immune response to a pathogen traditionally follows infection. In the case of otitis media, nontypeable H. influenzae and S. pneumoniae are often associated with a rise in antibody level during convalescence (12, 18, 21, 22, 37, 38) .
The target of the antibody may vary according to the pathogen. Outer membrane proteins appear to serve as protective immunogens against nontypeable H. influenzae, while capsular polysaccharides are targets in S. pneumoniae (1, 10, 25, 27, 30, 31, 33) . The immune response to nontypeable H. influenzae does not appear to be age dependent, while the antibody response to S. pneumoniae is dependent on age, because in infants polysaccharides are not as well recognized as they are in older children (12, 18, 21, 22, 38) . Thus, protection against reinfection is established early in life for nontypeable H. influenzae and later for S. pneumoniae.
Less is known about the immune response to M. catarrhalis. Various strains of the organism have been shown to possess similar outer membrane protein patterns, suggesting that an immune response to outer membrane antigens of one strain might recognize a second strain (2) . On the other hand, DNA fragment analysis suggests significant differences between strains (11) . In the absence of definitive information concerning antigenic differences between strains, we utilized the outer membranes of homologous strains to determine immune responses. The antibody data demonstrated the presence of M. catarrhalis-specific IgG, IgM, and IgA antibody in the acute and convalescent sera of each subject; however, only eight children (57%) exhibited a rise in antibody to their own organism. Actually, only three children (21%) exhibited increases in antibody levels for each of the immunoglobulin classes. The failure to mount a uniform systemic immune response may suggest that the subjects (7) .
The consensus of studies designed to investigate immunity to M. catarrhalis suggests that approximately half of the subjects manifested an antibody response following infection. The reasons for these relatively poor responses are not clear. Perhaps lack of virulence of M. catarrhalis is a weak immunologic stimulus in the host. Additionally, the initiation, frequency, and duration of nasopharyngeal colonization with M. catarrhalis, compared with those of other potential middle-ear pathogens, appear to be earlier, more often, and more prolonged, respectively (16, 39) . This early overwhelming contact with M. catarrhalis may result in a form of systemic tolerance to the organism; however, proof is lacking at this time. It is also possible that early and frequent exposure to M. catarrhalis results in the natural development of a variety of antibodies to major nonprotective antigens. Thus, antibodies to protective antigens that constitute a minor portion of the total antigenic complex of the organism become buried and undetectable in the immune response. 
